Purpose. To evaluate the outcome after percutaneous repair followed by accelerated rehabilitation for acute Achilles tendon ruptures. Methods. 21 men and 9 women (mean age, 41 years) underwent percutaneous repair by a single senior surgeon for acute Achilles tendon ruptures, followed by early weight bearing and accelerated rehabilitation. Outcome measures included the Achilles tendon rerupture rate, the Achilles tendon total rupture score (ATRS) at 3 and 6 months, the incidence of sural nerve injury, wound infection, wound dehiscence, patient satisfaction, and the time to return to prerupture activity. Results. The mean follow-up period was 12.5 months. The mean ATRS score improved from 57.65 at 3 months to 86.95 at 6 months (p<0.001). No patient had intra-operative complications, tendon re-rupture, sural nerve injury, wound dehiscence, or deep infection. Two patients developed a superficial wound infection, which was resolved with oral Percutaneous repair followed by accelerated rehabilitation for acute Achilles tendon ruptures
tension of the ruptured tendon and reduce the rerupture rate, 4 and enable more sportsmen to return to their pre-injury level of activity (75% vs. 50%). 5 Percutaneous repair of the Achilles tendon reduces the risks of open repair such as wound infection, dehiscence, and scar adhesions. 6 Re-rupture following surgical repair is associated with full weight bearing with inadequate orthotic provision, inadequate apposition of the tendon ends, and delayed surgery. 7 This study evaluated the outcome after percutaneous repair followed by accelerated rehabilitation for acute Achilles tendon ruptures.
Materials and Methods
Between February 2011 and February 2012, 21 men and 9 women (mean±standard deviation [SD] age, 41±9 years) underwent percutaneous repair by a single senior surgeon for acute Achilles tendon ruptures, followed by accelerated rehabilitation. Patients with neuromuscular or inflammatory disorders, previous Achilles tendon injuries, or other concomitant lower limb tendon injuries were excluded.
The cause of rupture included soccer (n=14), running (n=7), walking (n=3), netball (n=3), dancing (n=1), gym work (n=1), and a fall (n=1). All patients were diagnosed based on clinical examination alone, 8 except for one with confirmation by ultrasonography.
Patients were placed in a prone position without tourniquet use. Local anaesthetic (30 ml of 0.5% chirocaine) was infiltrated into the skin from 6 cm proximal to 5 cm distal to the tendon defect. A 2-cm transverse incision and 6 longitudinal stab incisions were made ( Fig. 1a & b ). The Achilles tendon was repaired using 8 strands of polydioxanone suture (Johnson & Johnson, New Jersey, USA). Four loops were prepared by separating the needle off the loops and tying the loop ends together to make them into 2 pairs. The first pair of sutures was passed transversely between the most proximal stab incisions through the tendon from lateral to medial (Fig. 1c ). The (a)
loose ends were held with a clip; each end was then passed distally through the tendon and out of the diagonal stab incision (Fig. 1d ). The suture was then passed diagonally to the transverse incision over the ruptured tendon ( Fig. 1e ). To prevent entanglement, both ends of the suture were held in clips. The suture security was tested by pulling both ends distally ( Fig.  1f ). Another pair of sutures was then passed between the distal stab incisions through the tendon using a loop and out of the transverse incision ( Fig. 1g & h) . The ankle was held in full plantar flexion, and the opposing ends of the thread were tied together with a double throw knot and 2 further knots before being buried ( Fig. 1i ). All incisions were closed with steristrips. A below-knee plaster-of-Paris cast was applied with the ankle in full plantar flexion. Postoperatively, non-weight bearing walking with crutches was allowed. At week 2, the plaster cast was replaced with a walker boot with 3 heel wedges (Fig. 2) , and full weight bearing was allowed. Individual wedges were removed sequentially every 2 weeks until a neutral foot position was achieved at 8 weeks. At week 2, active toe and foot dorsiflexion, inversion, eversion, and core strengthening exercises were allowed, with the walker boot removed. Active plantar-flexion was not encouraged until full passive dorsiflexion. At week 8, once full active range of movement was achieved, progressive closed-chain plantar-flexion exercises were commenced, as was proprioception training in stance. At week 12, weight bearing activities and tolerance were increased, and eccentric plantar-flexion activities to neutral. If painfree, stretches to plantar-flexion, sidestepping, speed walking, and single-leg stance activities were allowed. At week 16, advanced proprioception activities, calf press, leg press, progression of dynamic drills, jogging and hopping, and sport-specific training drills were allowed.
Primary outcome measures included the Achilles tendon re-rupture rate and the Achilles tendon total rupture score (ATRS) 9 at 3 and 6 months. The ATRS is a self-administered instrument with high clinical utility and responsiveness. 9,10 Secondary outcome measures included the incidence of sural nerve injury, wound infection, wound dehiscence, patient satisfaction, and the time to return to pre-rupture activity.
Pre-and post-operative outcomes were compared using the paired t test. A p value of <0.05 was considered statistically significant.
results
The mean follow-up period was 12.5 (SD, 2.9; range, 12-17.5) months. The mean±SD ATRS score improved from 57.65±12.72 at 3 months to 86.95±5.99 at 6 months (p<0.001). No patient had intra-operative complications, tendon re-rupture, sural nerve injury, wound dehiscence, or deep infection. Two patients developed a superficial wound infection (one at 6 weeks and the other with type-2 diabetes at 8 weeks), which was resolved with oral flucloxacillin for 7 days. Two patients had a mass at the transverse incision, but neither had any symptoms or functional restriction. All patients were able to bear full weight comfortably without the walker boot at 8 weeks, and return to their work by 3 months. The mean±SD time to return to pre-rupture activity, including sports, was 10.4±3.1 months. The mean±SD satisfaction rate was 87±7.5% at 6 months.
discussion
In a meta-analysis of 10 randomised controlled trials, surgical repair for Achilles tendon ruptures results in a lower rate of tendon re-rupture (p=0.002) and a shorter period of sick leave (p=0.009) but a higher rate of complications (p=0.004), compared with conservative treatment. 11 In a Cochrane review, open repair is associated with a lower rate of re-rupture (risk ratio [RR]=0.41; 95% confidence interval [CI], 0.21-0.77) but a higher rate of infection, compared with conservative treatment (RR=4.89; 95% CI, 1.09- 
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.91) or percutaneous repair (RR=9.32; 95% CI, 1.77-49. 16 ). 12 Nonetheless, other randomised controlled trials report no significant difference in the re-rupture rate between conservative and surgical treatment. [13] [14] [15] Conservative treatment followed by early functional rehabilitation achieves a similar re-rupture rate but a lower complication rate, compared with surgical repair (risk difference=1.7%, p=0.45). 16 Percutaneous repair is superior to open repair in terms of infection rate (0 vs. 4.7%, 17 0 vs. 8.6%, 18 and 9% vs. 21% 19 ) and re-rupture rate (2.6 vs. 5.7%, 17 4.5 vs. 5.7%, 18 and 3% vs. 6% 19 ). Percutaneous repair followed by accelerated rehabilitation enables excellent results and early return to sport, with no cases of complete re-rupture (one partial re-rupture) or sural nerve injury and just one case of infection in each series. [20] [21] [22] The incidence of sural nerve injury ranges from 3 to 10.5%. 17, 19, 23, 24 A precise knowledge of the anatomy of the sural nerve helps minimise intra-operative injury; the sural nerve is a mean of 18.8 mm anterior and lateral to the lateral border of the Achilles tendon. 25 More proximally, the sural nerve crosses the lateral border of the Achilles tendon approximately 9.8 cm from the calcaneum to become medial to the Achilles tendon/gastrosoleus complex. 25 The outcome of our patients was comparable with that in other studies. 26, 27 The strength of a tendon repair is proportional to the number of strands of suture crossing the repair. 28 The use of 8 strands was enough to support an adult weight-bearing load.
Compared with immobilisation, the accelerated rehabilitation protocol is based on the evidence for best practice and enables earlier return to normal walking and stair climbing, work, sports, improved plantarflexion strength, greater range of motion, or reduced calf muscle atrophy. [29] [30] [31] [32] [33] [34] Nonetheless, aggressive rehabilitation with early weight bearing and rangeof-motion exercises results in a significantly higher rate of re-rupture (16.6%) in patients younger than 30 years. 35 Early rehabilitation is preferred to cast immobilisation after percutaneous Achilles tendon repair. 36 Isokinetic calf muscle strength is better in patients allowed to mobilise the ankle between neutral and plantar-flexion, compared with those immobilised in tension. 16 Patients who are allowed early weight bearing achieve higher health-related quality of life in the early postoperative period, compared with those with non-weight bearing. 33 Limitations of our study were the small sample size, case-series study design, and the short duration of follow-up (minimum, 12 months). Nonetheless, rerupture usually occurs between 4 and 18 weeks. 15, 37, 38 conclusion Percutaneous repair of the Achilles tendon followed by early weight bearing and accelerated rehabilitation achieves good functional outcome.
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